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Resetting of tubuloglomerular feedback in rat kidneys after uni-
lateral nephrectomy. To study the mechanisms involved in the
increase in GFR following reduction of renal mass, we per-
formed experiments on transplanted and on control kidneys be-
fore and after unilateral nephrectomy. The transplanted kidneys
were studied 15 hours after transplantation. They showed a nor-
mal urine flow rate of 3.0 jd/min (control, .5.0 d/min) and sodium
excretion rate of 0.101 j.Eq/min (control, 0.124 Eq/min) but
GFR was 0.74 mI/mm (control, 1.22 mI/mm), urine-to-plasma in-
ulin concentration ratio (U/P1,j was 269 (control, 461), and potas-
sium excretion was 0.341 sEq/min (control, 0.928 jEq/min), all
significantly reduced. After unilateral nephrectomy, urine flow
and sodium and potassium excretion increased in both the trans-
planted and the control kidneys. GFR increased significantly on-
ly in the transplanted kidneys. Micropuncture experiments were
done to study feedback control of GFR with the stop-flow pres-
sure technique and the single nephron GFR (SNGFR) technique.
The maximal stop-flow pressure decrease (LSFPmax) was not dif-
ferent in transplanted (6.7 mm Hg) and in control kidneys (7.7
mm Hg), but after uninephrectomy, the LSFPax was significant-
ly reduced in the transplanted kidneys to 3.0mm Hg (control, 7.3
mm Hg). The turning point (TP), that is, the end proximal flow
rate at which 50% of the maximal feedback response was ob-
tained, was significantly lower in the transplanted kidney, 20.6 nIl
mm (control, 26.4 nI/mm). After unilateral nephrectomy the TP
increased in both groups of animals but to a greater extent in the
transplanted kidneys to > 58 nI/mm (control, 34 ni/mm). In con-
trast to control kidneys, the transplanted kidneys showed a sig-
nificantly lower SNGFR measured in the distal tubules (32.4 nI/
mm) compared with the value obtained in the proximal tubules
(42.4 nI/mm). After unilateral nephrectomy, this difference dis-
appeared (38.0 nI/mm in distal tubule vs. 38.5 nI/mm in the proxi-
mal tubule). These results show that the tubuloglomerular feed-
back is activated to reduce GFR in the transplanted kidneys,
indicated by a proximal distal difference in SNGFR. Furthermore,
they showed a decreased sensitivity of the tubular glomerular
feedback after unilateral nephrectomy, indicated by an increase
in TP and a reduction in LSFPmax in the transplated kidneys.
This depression of feedback sensitivity allowed GFR to rise in
the transplanted kidneys and to maintain a normal level in the
control kidneys despite an increased fluid load to the distal tubule.
We suggest that this resetting might be mediated to the juxta-
glomerular apparatus via changes in the interstitial pressure vol-
ume condition.
Réajustement du rétro-contrôle tubuloglomérulaire dans le rein
de rat apres uninphrectomie. Afin d'ëtudier les mécanismes mis
en jeu dans l'augmentation de Ia filtration glomérulaire aprés Ia
reduction de la masse rénale une étude a été faite sur des reins
transplantés et témoins avant et après néphrectomie. Les reins
transpiantés ont été étudiés 15 heures aprés transplantation. Le
debit urinaire était normal a 3,0 j.d/min (contrôles, 5,0 d/min) et
l'excrétion de sodium était de 0,101 jEq/min (contrôles, 0,124
tEq/min) alors que le debit de filtration glomérulaire (GFR) était
de 0,74 mI/mm contrôles, 1,22 mI/mm), le rapport urine sur
plasma de concentration de l'inuline (U/P1) de 269 (contrôles,
461) et l'excrétion de potassium de 0,341 jEq/min (contrôles,
0.928 Eq/min), toutes ces diminutions étant significatives. Après
uninéphrectomie le debit urinaire et les excretions de sodium
et de potassium ont augmenté a la fois dans les reins transplantés
et dans les reins contrôles. GFR n'a augmenté significativement
que dans les reins transplantés. Des experiences de micro-
ponctions ont été faites pour étudier le rétro-contrôle du debit
de filtration glomérulaire au moyen de Ia pression de stop flow et
de Ia mesure des debits de filtration individuels. La diminution
maximale de pression de stop flow (SFPmaX) n'était pas dif-
férente dans les reins transplantés (6,7 mm Hg) et dans les reins
contrôles (7,7 mm Hg), mais a Ia suite de Ia néphrectomie uni-
latérale Ia LSFPmaX a significativement diminué, dans les reins
transplantés, a 3,0 mm Hg (contrôle, 7,3 mm Hg). Le point
d'équilibre (TP), c'est a dire Ic debit a Ia fin du proximal pour
lequel 50% de Ia réponse maximale de rétrocontrôle est obtenue,
était significativement abaissé dans le rein transplanté: 20, 6 nI/
mm (contrôle, 26,4 nI/mm). Après la néphrectomie unilatérale
TP a augmenté dans les deux groupes d'animaux mais plus dans
les reins transplantés des valeurs supérieures a 58 nI/mm
(contrôles, 34 nI/mm) sont obtenues. A la difference des reins
contrôles, les reins transplantés ont un debit de filtration gb-
mérulaire plus faible quand ii est mesuré dans le tube distal (32,4
nb/mm) que dans Ic tube proximal 42,4 nI/mm). Après néphrec-
tomie unilatérale cette difference disparait, Ia valeur mesurée
dans le tube distal étant de 38 nllmin et dans le proximal de 38,5
ni/mm. Ces Résultats montrent que le rétro-contrôle tubulo-
glomérulaire est active dans les reins transplantés comme en té-
moigne la difference proximal-distal du debit de filtration glom-
érulaire. De plus, ils montrent une sensibilité diminuée du rétro-
contrôle aprés néphrectomie unilatérale comme en témoignent
l'augmentation de TP et la diminution de LSFPmax dans les reins
transpiantés. Cette attenuation de Ia sensibilité du rétro-contrôle
permet a GFR d'augmenter dans les reins transplantés et de
maintenir GFR dans les reins contrôles malgré l'augmentation
du debit au tube distal. II est suggéré que ce réajustement a pour
médiateur l'appareil juxtaglomérulaire via les modifications de Ia
pression interstitielle.
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The kidney is capable of functional adaption fol-
lowing structural damage. Shortly after unilateral
nephrectomy, the remaining kidney increases its ex-
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cretory function. This process has been studied ex-
tensively [1-15]. The underlying mechanisms, how-
ever, are not yet clarified. Experiments with isolat-
ed [13] and transplanted kidneys [16] have shown
that intrarenal mechanisms independent of renal in-
nervation are involved. Both an increase of GFR
and a depression of tubular reabsorption have been
found to occur shortly after unilateral nephrectomy.
The distal delivery of tubular fluid is increased as a
function of both of these events. Because the tubu-
lar glomerular feedback mechanisms may be acti-
vated to reduce GFR when the delivery of fluid to
the distal nephron is increased above normal [17-
20], it is conceivable that the sensitivity of the feed-
back control could be reset following nephrectomy.
Therefore, we designed the present experiments to
investigate these questions in both control and
transplanted kidneys. The results indicate that uni-
lateral nephrectomy induces increased urine excre-
tion by the solitary kidney, whether it be a native or
transplanted organ. This event is accompanied by a
reduced sensitivity of the tubular glomerular feed-
back mechanism in both transplanted and normal
kidneys following nephrectomy. The reduction in
feedback sensitivity allows GFR to increase in
transplanted kidneys, but it prevents GFR from de-
creasing in normal single kidneys.
Methods
Experiments were conducted on male Sprague-
Dawley rats, each weighing 300 to 420 g (Anti-
cimex, Stockholm, Sweden). The animals (7 con-
trols and 20 with transplanted kidneys) were star-
ved 16 to 24 hours before the experiments, but they
had free access to water. During the experiment,
their body temperature was kept at 37° C with a ser-
vocOntrolled heating pad.
The donor rats were anesthetized with mactin®,
120 mg/kg of body wt (Byk Gulden, Konstanz, West
Germany), and the left kidneys were removed.
Heparin (100 lU/rat) was given i.v. at least 20 mm
before the kidney was excised. After a maximum of
3 mm of warm ischemia, the kidney was placed in a
double-bottomed plastic (LuciteTM) cup specially
constructed to keep the kidney cold. This was
achieved in two ways, by circulation of ice-cold wa-
ter in the bottom of the cup and by superperfusion
of the kidney with recirculating ice-cold saline. No
arterial perfusion of the kidney was performed.
The recipient rats were anesthetized with ether.
The abdomen was opened via a midline incision,
and the left kidney was removed. The kidney from
the donor was then sutured to the remaining left
renal pedicle of the recipient with end-to-end
anastomosis of the renal artery and vein, respec-
tively. The operation was performed with the aid of
an operating microscope with a magnification of X
16. The ureter was sutured over a silastic splint.
The transplantation technique is described in detail
elsewhere [23]. The time taken for transplantation
and, thus, the duration of cold ischemià, averaged
60 mm. Postoperatively, the rats had free access to
food and water. A mean decrease in body weight of
10% was observed during the 18 to 14 hours after
transplantation and before the time of micro-
puncture.
For the micropuncture experiments, the rats
were anesthetized with mactin® (as above), placed
on a thermoregulated table where tracheotomy was
performed, and, via the jugular vein, infused with
0.9% saline containing 3H-inulin (NEN-Chemicals
Frankfurt-on-Main, West Germany) at a rate of 1.4
mllhour. This infusion rate was reduced to 0.7 mu
hour at the time of right nephrectomy. The carotid
artery was catheterized for measuring the arterial
blood pressure and for blood sampling. The kidneys
were exposed by midabdominal incision and freed
from their connective tissue attachments. The left
transplanted kidney was placed in a plastic (Lu-
cite®) holder, immobilized in isotonic saline-agar
3%, and the surface of the kidney was covered with
mineral oil. The right, previously intact, kidney was
prepared for nephrectomy by freeing it from its fat
capsule and placing a loop of silk loosely around the
vascular pedicle and the ureter. The left ureter was
cannulated with polyethylene tubing, and urine was
collected under mineral oil. The sodium and potas-
sium concentrations in the urine were determined
by flame photometry (Eppendorf model, Hamburg,
West Germany), and the urine osmolality was mea-
sured by an osmometer (Knauer, West Berlin). For
the determination of inulin clearance, the amount of
3H-inulin in the infusion solution was 3 Ci/ml 3H-
irmlin. When the single-nephron GFR (SNGFR)
was to be measured, the infusion solution contained
50 jCiJml 3H-inulin. The radioactivity in 2-pi sam-
ples of plasma and urine was counted. In all sam-
ples, more than 6,000 counts were counted, with a
counting time of 60 mm.
Micropuncture technique. For determination of
SNGFR, tubular fluid was collected from the distal
and end-proximal tubules of the same nephron. The
puncture sites were identified by means of a short
injection of lissamine green in a mid or early proxi-
mal tubule via a pressure-measuring micropipette
connected to a servo-nulling device as described by
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Widerhielm et a! [24] (W-P Instruments, New
Haven, Connecticut). Tubular fluid samples were
collected upstream to a mobile mineral oil block
with micropipettes (outer diameter, 10 to 15 j.m)
filled with Sudan-black colored mineral oil. During
the collection, the intratubular pressures in the mid
or early proximal tubules were monitored at the
free-flow pressure recorded before impalement of
the collecting pipettes. The collection time ranged
from 3 to 7 mm (mean, 5 mm), and the collected
volumes were 20 to 150 nl. The volume was deter-
mined from the length in constant bore capillaries
(microcaps, Drummond Scientific Co., USA). The
radioactivity of the entire tubular fluid sample was
counted in a scintillation counter. SNGFR and the
tubular fluid-plasma inulin ratios (TF/P1) were cal-
culated from corresponding tubular and plasma
samples. Clearance calculations were made accord-
ing to conventional techniques.
The tubuloglomerular feedback was studied in
microperfusion and stop-flow pressure- (SFP) mea-
suring experiments. The servonulling device (see
above) was used to measure both free-flow and
stop-flow pressure in early proximal tubules. A
stop-flow condition was induced by injection of a
solid wax block into a midproximal tubule, by the
technique described by Gutsche et al [25]. With a
third micropipette, connected to a combined micro-
perfusion and micropressure measuring system de-
scribed by Hierholtzer et al [17], the loop of Henle
of the same nephron was perfused at different rates,
0 to 80 nl/min, with a modified Ringer's solution
(140 m sodium chloride, 5 m potassium chloride,
2 m calcium chloride, 1 m magnesium chloride,
4 mr'i sodium bicarbonate, 7 m urea, 2 gfliter lis-
samine green; pH, 7.4). The linearity and absolute
rate of the pump was calibrated before and after the
experiments by labeled perfusion solution (for details
see Ref. 17). The stop-flow pressure was then deter-
mined at different loop perfusion rates, where LSFPmaX
was the maximal SFP decrease at high perfusion
rates. The turning point of the feedback (TP) was de-
fined as a perfusion rate at which 50% of the maxi-
mal decrease in stop-flow pressure was obtained, as
described earlier by Müller-Suur et al [26]. The
threshold for feedback activation was always 2 to 5
nlJmin less than the turning point. The graphic de-
termination of the turning point can be seen in Fig.
1. The values of total kidney function measurements
were averaged for the time period of 60 mm before
and 0 to 180 mm after unilateral nephrectomy. The
significance of the differences between these values
was evaluated by the paired Student's t test. Dif-
ferences between values of transplanted and control
kidneys were calculated by means of the unpaired
Student's t test. The data are expressed as mean
values SEM.
Results
The measurements of total renal function of 7
normal kidneys and those of 10 transplanted kid-
neys are given in Table 1. Included are the values
before and after unilateral nephrectomy in both se-
ries. It is seen that urine flow rate increased from
2.9 and 3.0 to 5.0 and 4.7 dJmin after unilateral ne-
phrectomy in normal and transplanted kidneys, re-
spectively. There were no differences in urine flow
rate between transplanted and normal kidneys, but
the increase after unilateral nephrectomy was sig-
nificant for both groups. The urine osmolality was
significantly lower in the transplanted kidneys than
it was in the normal group, but there was no change
after unilateral nephrectomy in either group. In ad-
dition, the urine-to-plasma inulin ratio (U/P1) was
lower in transplanted kidneys, and a significant de-
crease was obtained in both groups after unilateral
nephrectomy. Total GFR was 1.22 mI/mm in the
normal group and 0.74 mllmin in the transplanted
group. After unilateral nephrectomy, there was no
significant increase in GFR in the normal group,
whereas in the transplanted kidneys this increased
signficantly to 0.91 mI/mm. Transplanted kidneys
showed the same sodium excretion but less potas-
sium excretion than did normal kidneys. The uri-
nary excretion of both sodium and potassium was
enhanced significantly after unilateral nephrectomy
in both groups of animals. The micropdncture re-
sults are summarized in Tables 2 and 3.
Parallel to the increase in total GFR after unilat-
eral nephrectomy in the transplanted kidneys, the
SNGFR measured in the distal tubules of these kid-
neys increased significantly from 32.4 to 38.0 nI/mm
(P <0.05) (Table 2). This effect was not obtained in
normal kidneys, in which the absolute values were
somewhat higher (distal SNGFR, 42.7 before and
41.0 nllmin after unilateral nephrectomy). Distal
and proximal SNGFR measurements differed signif-
icantly only in transplanted kidneys before unilater-
al nephrectomy (32.4 vs. proximal 42.4 nllmin, P <
0.01). In all other cases, there was no difference be-
tween distal and proximal measurements of
SNGFR. Included in Table 2 are TF/P1 measure-
ments giving information about fluid reabsorption
along the nephron. Comparing transplanted kidneys
with normal kidneys, we observed no significant
difference, indicating that 1 day after trans-
plantation no signficant disturbance of tubular fluid
reabsorption could be detected. TF/P1 was reduced
after unilateral nephrectomy only in distal tubules
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Fig. 1. Feedback responses (change in stop flow pressure [ SFP]) (ordinates) to different loop perfusion rates (abcissa) in kidneys I day
after transplantation. A Data on single experiments. The open circles indicate the graphically determined turning points. B As A but after
uninephrectomy. One individual tubule was studied both before and up to 30 mm after unilateralnephrectomy. This tubule is marked by
an asterisk in A and B. C Mean curves from A and Bfor transplanted kidneys (solid lines) and for control kidneys (broken lines). Note the
shift to the left in transplanted (—.—) kidneys compared with controls (—o—) and to the right after unmnephrectomy in controls (_t—)
and transplanted (—A—) animals.
Table 1. Total renal function in 7 control kidneys and 10 transplanted kidneys 60 mm before and 0 to 180 mm after unilateral
nephrectomy
Before After
Control Transpl. Transpl.
kidney kidney Control kidney
GFR,mllmin 1.22 0.07 0.74 0.09 1.39 0.11 0.91 0.08
vs. control <0.01 <0.01
vs. before NS <0.02 C
Urine volume, ui/mm 2.9 0.3 3.0 0.2 5.0 0.3 4.7 0.3
P, vs. control NS NS
P, vs. before <0.01 C <0.001
UNaV,p.Eqlmifl 0.124 0.035 0.101 0.016 0.373 0.093 0.205 0.045
F, vs. control NS NS
P, vs. before <0.05 C <0.01 C
UKV,pEq/min 0.928 0.076 0.341 0.068 2.020 0.317 0.915 0.086
F, vs. control <0.001 <0.001
P, vs. before <0.02 C <0.001 C
Uom,mOsmIkg 2570 100 1720 270 2700 230 1920 230
P, vs. control <0.02 <0.05
P, vs. before NS NS
U/P,,, 461 57 269 30 290 39 192 25
F, vs. control <0.01 <0.05
F, vs. before <0.01 <0.01
Values are the means SEM.
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Table 2. Micropuncture data on SNGFR and TF/P1 in control and transplanted kidneys before and after unilateral nephrectomy
Before After
SNGFR SNGFR
ni/mm
Prox. Dist.
TF/P1
Prox.
ni/mm
Dist.
TF/P1
Endprox. Dist. Endprox. Dist.
Controls 57 46
47 45
29 48
35 42
50 40
33 53
54 40
52 40
48 43
53 43
32 30
1.53 8.80
1.99 3.54
— 5.06
1.41 2.60
2.39 7.25
2.47 4.78
2.21 3.89
2.79 5.74
1.57 3.87
2.24 3.53
2.04 3.77
32
26
34
62
42
48
64
67
35
42
51
43
28
35
22
66
38
49
58
49
40
30
38
36
1.36 3.00
1.55 2.70
1.74 2.64
1.74 3.97
1.54 3.70
2.96 3.50
1.95 2.99
1.55 4.51
1.66 2.99
1.49 3.84
1.71 2.57
1.22 2.09
Mean SEM
N
44.5±3.1 42.7
11 11
2.06±0.14 4.80±0.55
10 11
45.5±3.8
12
41.0±3.6
12
1.70±0.12 3.20±0.20
12 12
pa NS <0.001 NS <0.001
pb NS NS NS <0.02
Transplanted 49 44
49 31
45 35
41 30
39 32
44 33
35 33
42 29
38 25
2.94 7.24
2.71 9.67
2.71 4.60
1.46 2.17
1.68 3.32
2.46 7.98
1.49 2.94
1.50 2.95
— 2.51
49
37
38
29
31
34
34
51
44
34
49
32
43
38
36
34
28
35
48
39
38
42
46
29
1.58 1.97
1.17 3.99
2.22 5.24
3.16 5.94
1.61 2.72
1.94 3.35
1.60 7.03
1.84 5.54
1.54 3.83
1.71 3.20
1.79 2.43
1.39 2.97
Mean SEM
N
42.4±1.6 32.4±1.7
9 9
2.11±0.22 4.82±0.92
8 9
38.5±2.2
12
38.0±1.8
12
1.79±0.14 4.01±0.45
12 12
pa <ow <0.001 NS <0.001
pb NS <0.05 NS NS
pe NS <0.01 NS NS NS NS NS NS
a Significance evaluated between paired distal and proximal measurements
Significance evaluated between unpaired measurements before and after uninephrectomy
Significance evaluated between unpaired data of control and transplanted kidneys
of control kidneys. This was shown previously by
Diezi and Giebisch [9].
Further information about the tubuloglomerular
feedback characteristics are given in Table 3 togeth-
er with measurements of arterial and intrarenal
pressure measurements. The same arterial blood
pressure (Pa) was observed in controls and in trans-
planted rats (Table 3). The procedure of unilateral
nephrectomy did not influence arterial blood pres-
sure. Immediately after uninephrectomy, however,
a short (1 to 2 mm) blood pressure decrease of 10 to
20 mm Hg was observed, not given in the table and
not considered in the calculation of Pa after unilat-
eral nephrectomy.
The intratubular free flow pressure (FFP) was
somewhat lower in the transplanted kidney (11.4 to
13.7 mm Hg in controls, P < 0.02) but increased
after unilateral nephrectomy to 13.4 mm Hg, a value
not different from controls.
The proximal tubular stop-flow pressure was also
lower in the transplanted group compared with con-
trols (33.1 to 39.4 mm Hg, respectively) and did not
change after unilateral nephrectomy in either group
(34.9 to 41.6 mm Hg, respectively). The stop-flow
pressure change (LSFPmax), see Fig. 1, induced by a
maximal feedback stimulus at perfusion through the
loop of Henle up to 80 nI/mm decreased significant-
ly, however, in the transplanted kidney after unilat-
eral nephrectomy from 6.7 to 3.0 mm Hg (P <
0.001), whereas such a change was not observed in
controls (7.7 and 7.3 mm Hg, respectively). Fur-
thermore, we measured the turning point (TP) of the
Feedback-resetting after unilateral nephrectomy 53
Table 3. Intrarenal pressure and tubuloglomerular feedback parameters in control kidneys and transplanted kidneys before
and after unilateral nephrectomya
Before After
Pa FFP SFP A SFPmax TP Pa FFP SFP A SFPmax TO
mm Hg mm Hg mm Hg mm Hg nI/mm mm Hg mm Hg mm Hg mm Hg ni/mm
Controls 120
120
115
115
115
105
100
13
12
13
14
13
14
17
46
45
36
36
38
40
35
8
6
5
7
14
5
9
37.5
22.5
22.5
27.5
22.5
27.5
25.0
120
125
140
125
100
100
100
13
16
15
20
11
16
16
38
43
44
50
37
40
39
5
4.5
5.5
9
10
7
10
37.5
37.5
35.0
22.5
37.5
32.5
32.5
Mean SCM 112 3 13.7 0.6 39.4 1.7 7.7 1.9 26.4 2.0 115 6 15.3 1.1 41.6 1.7 7.3 0.9 33.6 2.0
N 7 7 7 7 7 7 7 7 7 7
pb NS NS NS NS <0.02
Transplanted 110
115
105
105
105
125
120
115
115
105
100
10
10
12
11
11
11
9
11
12
15
14
30
30
33
28
30
33
35
37
30
39
39
6
7
7.5
5.5
6
6
6
7
9
5
9
25.0
25.0
12.5
22.5
22.5
15.0
22.0
12.5
20.0
25.0
25.0
105
100
100
100
115
115
115
120
115
105
105
100
11
14
13
13
12
12
12
12
12
16
17
16
33
34
34
30
36
30
40
35
35
37
42
33
3.5
3
0
2
5
7
0
2
6
5
0
3.5
50
37.5
> 80 = 90
75
30
30
>80 = 90
> 80 = 90
30
45
> 80 = 90
37.5
Mean± SCM ill 2 11.4 0.5 33.1 1.2 6.7 0.4 20.6 1.5 108 2 13.4 0.6 34.9 1.0 3.0 0.7 >57.9 7.9
N 11 11 11 11 11 12 12 12 12 12
pb NS <0.02 NS <0.001 <0.001P NS <0.02 <0.001 NS <0.05 NS NS <0.01 <0.01 <0.05
a Abbreviations are defined as Pa, arterial blood pressure; FFP, free-flow pressure of proximal tubule; SFP, stopflow pressure of
proximal tubule; A SFPmaX, stop-flow pressure decrease during maximal (up to 80 nI/mm) perfusion through 1oop of Henle; TP, turning
point (perfusion rate at which 50% A SFPmaX was obtained.
b Significance of difference evaluated between values before and after uninephrectomy, unpaired t-test.
Significance of difference evaluated between corresponding values of control and transplanted kidneys, unpaired t-test.
feedback mechanism; that is, the ioop perfusion
needed to get a half maximal feedback response
(see Fig. 1). If a high perfusion rate were needed,
this would indicate an inhibited feedback sensitivi-
ty, whereas low rates would indicate a highly sensi-
tive feedback mechanism. Figure 1 shows the
graphic representation of the turning points in trans-
planted rat kidneys before (Fig. 1A) and after unilat-
eral nephrectomy (Fig. IB) of all individual tubules.
Fig. 1C shows the mean values. Table 3 gives
the measured values. The following results were ob-
served: One day after transplantation low turning
points were obtained, indicating a more sensitive
feedback (20.6 nhlmin in transplanted to 26.4 nllmin
in controls, P <0.05). It is important to emphasize
at this point that in the transplanted kidney studied
before unilateral nephrectomy, there is a signifi-
cantly lower SNGFR measured in the distal tubule
compared with the measurement in proximal tu-
bule. This indicates not only a high feedback sensi-
tivity but also a reduction of the GFR by the feed-
back mechanism. Turning points at unilateral ne-
phrectomy increased in transplanted kidneys to
more than 58 nllmin (P < 0.001) and in controls to
33.6 ni/mm (P <0.05) This effect indicates an inhi-
bition of the tubuloglomerular feedback sensitivity
induced acutely by the unilateral nephrectomy pro-
cedure in both groups, but to a smaller extent in
controls.
Discussion
Fifteen hours after the rat kidneys were trans-
planted, their function differed from that of the nor-
mal kidneys. GFR, urine osmolality, U/P1, and po-
tassium excretion rate were all reduced. Because
urine flow and sodium excretion, however, were
normal, fractional reabsorption of water and sodium
must have decreased, leaving open that nephron
segment that was responsible for these changes. As
TF/P1, measured both in the proximal and distal tu-
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bules of the transplanted kidney, was comparable to
that in normal kidneys, it is not likely that the reab-
sorptive defect was localized in the proximal tu-
bules or the ioop of Henle. A location distal to the
puncture site in the distal tubules or in the collecting
ducts or in deep nephrons seems more probable.
About half of the reduction of the urine osmolality
in the transplanted kidneys could be explained by a
lower potassium excretion, but the other half would
seem to be attributable to a decrease in the nonelec-
trolyte solute excretion. Furthermore, in view of
the combination of the low potassium excretion and
normal sodium excretion, together with the results
of Norlén et al [27], which show that the medullary
area is the most sensitive to ischemic damage, it is
reasonable to assume that the tubular defect is lo-
cated in the distal nephron or medullary segments.
After contralateral nephrectomy, the trans-
planted kidney showed an increased urine flow,
GFR, and sodium and potassium excretion, where-
as the urine osmolality remained constant. The
same pattern of events was observed in the normal
kidney after contralateral nephrectomy, except that
kidney GFR did not change significantly. This func-
tional adaption occurring shortly after uni-
nephrectomy is in accordance with earlier reports
[1, 2, 4, 5, 7, 8, 10, 11, 13, 14, 26]. Diezi et al [9]
reported a reduction in proximal tubular fluid reab-
sorption, whereas in the present study a significant
reduction was only seen in the distal tubular sam-
ples from the control animals. The reason for this
discrepancy might be due to the fact that our study
was performed early after unilateral nephrectomy
whereas that of Diezi et al was done later. The early
effect of unilateral nephrectomy on electrolyte ex-
cretion seems therefore to be located in the distal
part of the nephron [2, 28] or could also be located
in nephrons other than the superficial ones. It is in-
teresting to note that, although the transplanted kid-
ney had a low potassium excretion rate primarily,
contralateral nephrectomy strongly stimulated this
excretion to values that were three times higher.
Potassium excretion by transplanted kidneys after
unilateral nephrectomy was similar to that by con-
trol kidneys before contralateral nephrectomy but
was lower than that by control kidneys after con-
tralateral nephrectomy. Thus, potassium transport,
although impaired, can be enhanced as a result of a
reduction of renal mass. One possible explanation
could be that the enhancement is due to the in-
creased GFR and, hence, distal tubular flow rate.
The renal nerves evidently play no role in this re-
spect, as mentioned by Verney [13]. A blood-borne
factor [5, 10, 21, 22] or hemodynamic alterations
[4], or potential changes of mediating local hor-
mones are other reasonable possibilities. The rapid
onset of adaption might lead to the assumption
that hemodynamic factors predominate, but other
factors cannot be excluded.
In the transplanted kidney, GFR was lower than
it was in controls. A fall in arterial blood pressure,
increased renal vascular resistance with a de-
creased blood flow and decreased glomerular capil-
lary pressure, leakage of inulin or activation of the
tubuloglomerular feedback are all factors that might
be responsible for this reduction. As the arterial
blood pressure was unchanged in these experiments
(see Table 3 and Results), this can be excluded as a
cause. Increased renal vascular resistance inde-
pendent of tubuloglomerular feedback mediation
could be one cause of the fall in GFR. Although no
direct measurements of vascular resistance were
performed in the present study, our stop-flow pres-
sure measurements indirectly estimating glomerular
hydrostatic pressure were low in the transplanted
kidney and could be in accordance with such a pos-
sibility. When perfusion through the loop of Henle
was reduced to zero, the stop-flow pressure in
transplanted kidneys was 33 mm Hg compared with
39 mm Hg in control rats. When flow rate through
the loop of Henle was normal, this difference was
even greater: 30 mm Hg in transplanted rats vs. 39
mm Hg in normal rats. A renal arterial vasocon-
striction with decreased glomerular hydrostatic
pressure (measured indirectly by stop-flow mea-
surements) could possibly lead to a decrease in fil-
tration pressure and a decrease in GFR in the trans-
planted kidney before and after unilateral nephrec-
tomy.
We used inulin clearance to estimate GFR. If in-
ulin had leaked across the tubular wall in damaged
kidneys, the GFR could be underestimated. Because
the degree of ischemic damage in the present study
was, however, much less than was that in the stud-
ies of Eisenbach and Steinhausen [39], and because
Mason and Thurau [40] found very low leakage of
inulin after 45 to 60 mm of warm ischemia, we be-
lieve that our inulin clearance determinations accu-
rately indicate GFR.
The lower GFR in transplanted kidneys might al-
so be attributed to an activation of the tubulo-
glomerular feedback mechanism. In this study, the
characteristics of the feedback response were ex-
amined by three different methods: determination
of the maximal decrease in stop-flow pressure at in-
creased perfusion flow rate, identification of the
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turning point (that is, the perfusion needed to get a
half maximal feedback response), and comparison
of SNGFR measured in the distal tubule when the
tubular flow passing the macula densa was undis-
turbed, and then in the proximal tubules of the same
nephron when the flow passing the macula densa
was interrupted by a mobile oil block. The third
method permits determination of the effect of the
physiologic flow passing the macula densa on for-
mation of glomerular filtrate via the feedback mech-
anism.
The present investigation of the feedback mecha-
nism showed that the turning point of the feedback
was significantly reduced in the transplanted kid-
neys compared with the control. A reduction of the
threshold means that the feedback is reset to be ac-
tivated at the lower flow rate than it is in a control
situation. For the determination of the turning point
in the transplanted kidneys 15 hours after trans-
plantation, with a SNGFR of 42 nllmin and a TF/P1
value of 2.1, the end-proximal flow rate must be in
the order of 20 nl!min. As a mean turning point was
20.6 nlJmin and the threshold of feedback activation
was 3 to 5 nllmin lower than was the turning point,
an activation of the feedback could be expected.
The finding of a significant, 24% lower, SNGFR
when measured in the distal tubules than when mea-
sured in the proximal tubules of the same nephron
indicates the existence of feedback activation that
reduces SNGFR. Other authors have reported that
with a low-sodium diet [36, 37] and acetazolamide
diuresis [38], there was a proximal-distal SNGFR
difference, indicating a feedback-mediated reduc-
tion in SNGFR. In the present experiments, the
same was valid for the kidney I day after trans-
plantation.
After removal of the contralateral kidney, the
feedback characteristics of the remaining trans-
planted kidney changed. The turning point of the
activation of the feedback and the threshold for ac-
tivation increased. The activity of the tubulo-
glomerular feedback decreased within 20 mm after
nephrectomy. This resetting of the feedback also
occurred in the control kidneys, but to a lesser ex-
tent than it did in transplanted kidneys. In some of
the transplanted kidneys, the feedback response
disappeared completely (3 out of 12). This resetting
of the feedback caused a disappearance of the
SNGFR difference between measurements in the
proximal and distal tubules. The SNGFR measure-
ments in the distal tubules increased from 32.4 to
39.0 nllmin (25% increase) after nephrectomy. Also,
the total kidney GFR increased from 0.74 to 0.94 mL'
mm (25% increase). Thus, in a transplanted kidney
15 hours after transplantation, there is a feedback
activation that can be abolished within 20 mm by
removal of the contralateral kidney.
The mechanism underlying the resetting phenom-
ena is not yet clear. However, Persson et al. [42]
suggested an interstitial pressure-volume receptor
mechanism of the juxtaglomerular apparatus. They
found that the interstitial hydrostatic pressure was
increased and the interstitial oncotic pressure was
decreased, associated with a reduction in feedback
sensitivity, whereas the sensitivity was increased at
a decreased interstitial hydrostatic pressure and an
increased oncotic pressure. Evidence in favor of this
theory has been found in experiments with volume
expansion [44, 45] and in experiments with dehy-
drated animals [43]. It seems quite reasonable that
the increase in feedback sensitivity observed in the
transplanted kidney compared with control can be
explained by dehydration and stimulation of the in-
terstitial function of the juxtaglomerular apparatus,
because it is known that the transplanted kidneys
are initially diuretic and decreased in volume [41].
At nephrectomy, an increase in interstitial hydro-
static pressure and a reduction in oncotic pressure
could explain the reduction in feedback sensitivity.
In fact, an increase in interstitial pressure has been
found by Persson [46].
In the control animals, an increase in turning
point was observed at unilateral nephrectomy. This
resetting can explain why total kidney GFR did not
decrease as expected at an increased load to the ma-
cula densa at nephrectomy. In other words, a slight
inhibition of the feedback in control kidneys after
unilateral nephrectomy prevented a fall in GFR and
secured the increase in salt excretion. The exact
mechanism by which the resetting occurs is still un-
clear. Interestingly, the homeostasis of the renal
prostaglandins has been changed acutely after uni-
lateral nephrectomy [5, 22, 46].
Reprint requests to Dr. R. Mdller-Suur, Biomedicinska Cen-
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